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General Procedures and Reagents. Dimethylglyoxime, iron acetate and BF3•Et2O were 
obtained from Sigma-Aldrich chemical company and used without further purification; tert-butyl 
isocyanide was obtained from TCI Chemicals. CHCl3, MeOH and pyridine were purchased from 
J.T. Baker and used without further purification, and all other solvents (MeCN, THF, Et2O) were 
obtained from a solvent purification system. Deuterated CD3CN and CDCl3 were purchased from 
Cambridge Isotopes and used as received. Sodium amalgam reductions were carried out using 
standard Schlenk technique under inert (N2) atmosphere 
 
Syntheses. [(dmgBF2)2Fe(MeCN)2] (1). The complex was prepared from [(dmgH)Fe(py)2]1 
according to the procedure of Stynes and co-workers.2 Orange, block-like crystals of 1 suitable 
for X-ray diffraction were grown from slow evaporation of a CHCl3/MeCN (3:1) solution of the 
complex, with analytical data (1H NMR, IR) consistent with that reported previously. 
 
[(dmgBF2)2Fe(tBuiNC)2] (2). A small batch of 1 (0.100 g, 0.218 mmol) was slurried in 10 mL of 
MeCN. To this stirred solution was added 2 equiv of tBuiNC (36 mg, 0.44 mmol) diluted in 3 mL 
of MeCN. Within 5 min, the orange slurry became clear and developed a dark orange color. 
After an additional 1 h stirring at room temperature, the solution was filtered and mixed with 3 
mL of toluene. Slow evaporation of the MeCN/tol (3:1) mixture over 2 weeks afforded dark 
orange blocks of 2 suitable for X-ray diffraction. Yield:  65 mg (60%). Selected IR bands in cm−1 
(KBr disc): 2185 s (νNC), 1605 w (νCN), 1206 w, 1157 m, 1087 m, 996 s, 937 w, 818 m. 1H NMR 
in CD3CN (δ from TMS): 2.39 s (6 H), 1.31 s (9 H); 19F NMR in CD3CN (δ from CFCl3): -147.5 
s (2 H). UV/Vis in MeCN, λ in nm: 436. Anal. calcd. for C18H30N6O4B2F4Fe: C 39.46, H 5.52, N 
15.34; found: C 40.41, H 5.33, N 15.81. 
 
[(dmgBF2)2Fe(glyIm)] (3). A small amount of freshly cut Na (45 mg, 1.98 mmol) was prepared 
in Hg amalgam and stirred in 15 mL of degassed THF. Separately, a slurry of 1 (0.50 g, 0.94 
mmol) was prepared in 15 mL of degassed MeCN, and added to the Na/Hg amalgam under inert 
atmosphere at room temperature. After 30 min stirring, the solution became a dark green color, 
which developed into a maroon solution over the next 2 h; the mixture was allowed to stir for an 
additional 12 h. The next day, the solution was cannulaed onto a Celite filter pad (prepared under 
inert atmosphere) and filtered to afford a clear dark red solution. Slow vapor diffusion of 
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degassed Et2O into this MeCN/THF (1:1) mixture at room temperature over 6 days afforded very 
small dark red crystals suitable for synchrotron X-ray diffraction analysis. Yield: 65 mg (16%). 
Selected IR bands in cm−1 (KBr disc): 3280 w, 1657 w, 1630 w, 1460 m, 1385 m, 1238 w, 1192 
s, 1001 s, 806 w. UV/vis in MeCN, λ in nm: 540. Anal. calcd. for C12H20N6O4B2F4Fe: C 30.94, 
H 4.33, N 18.04; found: C 30.91, H 4.56, N 17.84. 
 
[((dmg2BF2)(½dmg)Fe)3Fe(O6)] (4). A small amount of freshly cut Na (17 mg, 0.75 mmol) was 
prepared in Hg amalgam in 10 mL of THF. Separately, a slurry of 1 (0.200 g, 0.375 mmol) was 
stirred in 10 mL of MeCN open to ambient atmosphere. The solution of 1 was then added to the 
Na/Hg amalgam at room temperature to generate a dark green solution within 15 minutes. The 
solution became reddish-violet after several hours, and the reaction was allowed to stir for an 
additional 12 h. The next day, the mixture was filtered through Celite (in air) to afford a violet 
solution. Vapor diffusion of Et2O into this THF/MeCN mixture at room temperature over two 
days afforded violet block-like crystals of the Fe4-cluster (along with a substantial amount of 
intractable brown powder); these crystals were suitable for X-ray diffraction analysis. Yield: 26 
mg (14%). Selected IR bands in cm−1 (KBr disc): 3283 m, 1465 w, 1384 w, 1144 m, 1083 m, 
1006 m. UV/vis in MeCN, λ in nm: 460, 520, 690. Anal. calcd. for C36H54N18O12B3F6Fe4: C 
33.24, H 4.18, N 19.39; found: C 34.76, H 4.93, N 18.14. 
 
X-ray crystallography. For complexes 1, 2 and 4, diffraction intensity data were collected at 
100 K on a Bruker Kappa APEX II diffractometer equipped with a MoKα X-ray source and data 
were collected using APEX2 v2009.7-0; the data reduction program SAINT-plus v7.66A was 
used. In the case of 3, diffraction intensity data were collected at 150 K on a D8 goniostat 
equipped with a Bruker APEX II CCD detector at Beamline 11.3.1 at the Advanced Light Source 
(Lawrence Berkeley National Laboratory) using synchrotron radiation tuned to λ = 0.7749 Å. 
The data frames were collected using the program APEX2 and processed using the program 
SAINT routine within APEX2.3 The data were corrected for absorption and beam corrections 
based on the multi-scan technique as implemented in SADABS. 
 
Physical Measurements. The 1H and 19F NMR spectra of 1 and 2 were recorded on a Varian 
Mercury 300 MHz spectrometer and chemical shifts were referenced to TMS or CFCl3, 
4 
 
respectively. The EPR spectrum of 4 was recorded on a Bruker EMX Biospin spectrometer at 77 
K using a Gunn diode microwave source. Cyclic voltammograms were taken in MeCN 
containing 0.1 M TBAP on a CHI660 potentiostat using a freshly polished glassy carbon 
electrode, 0.01 M Ag/AgNO3 in MeCN as reference electrode, and a Pt wire counter-electrode. 
All potentials were referenced to the Fc/Fc+ couple and are plotted versus SCE. The magnetic 
moment of 4 was determined at 298 K with a magnetic susceptability balance from Johnson 
Matthey (model MSB1). 
 
DFT calculations. Geometry optimization and orbital calculations on the crystal structure 
coordinates of 4 was performed in the Firefly software package4 (which is partially based on the 
GAMESS (US) source code5) using the 6-31G* basis set and the pure functional PW916,7 which 
has been shown to be accurate for Fe systems.8-14 Orbitals were visualized using MacMolPlt,15 
and spin density plots were generated using gOpenMol.16,17 
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Figure S1. Cyclic voltammogram (potential vs SCE) of 1 in MeCN containing 0.1 M TBAP 











Figure S2. Cyclic voltammogram of 2 in MeCN containing 0.1 M TBAP 



















   
   
 
Figure S3. Chemical structure and ORTEP diagrams (50% ellipsoids) for [(dmgBF2)2Fe(glyIm)] (3) 





Figure S4. ORTEP diagram (50% ellipsoids) for [(dmg2BF2)3Fe3(½dmg)3Fe(O)6] (4) shown in 





Figure S5. (Top) X-band EPR spectrum of 4 in MeCN/tol glass recorded at 77 K. (Bottom) X-
band EPR spectrum of [FeIII(acac)3] in MeCN/tol glass recorded at 77 K. Instrument parameters: 
Instrument parameters: microwave frequency, 9.45 GHz; microwave power, 5 mW; frequency 












Table S1. X-ray data collection and refinement parameters for complexes 1-4. 
 









     
     
empirical 
formula 
C12H18N6O4B2F4Fe C18H30N6O4B2F4Fe C12H20N6O4B2F4Fe C36H54N18O12B3F6Fe4 
Fw 463.79 547.95 465.81 1300.80 
color red-orange red-orange dark red violet 
habit blade block rectangular block triangular prism 
size (mm) 0.12 × 0.12 × 0.07 0.17 × 0.17 × 0.15 0.09 × 0.09 × 0.03 0.15 × 0.15 × 0.14 
T (K) 100(2) 100(2) 150(2) 100(2) 
wavelength (Å) 0.71073 0.71073 0.7749 0.71073 
lattice system monoclinic triclinic orthorhombic rhombohedral 
space group P21/c Pī Pbcn R-3 
a (Å) 8.6038(4) 9.9760(6) 15.448(3) 35.6736(7) 
b (Å) 11.6895(6) 11.1614(7) 8.5409(17) 35.6736(7) 
c (Å) 9.4407(4) 13.0925(8) 13.9490(3) 32.5160(9) 
α (deg) 90 70.193(3) 90 90 
β (deg) 112.894(2) 71.497(3) 90 90 
γ (deg) 90 68.000(3) 90 120 
V (Å3) 874.69(7) 1241.02(13) 1840.4(6) 35836.1(14) 
Z 2 2 4 1 
dcalc (g/cm3) 1.761 1.466 1.681 1.085 
µ (mm-1) 0.939 0.674 0.893 0.778 
GOF on F2 1.787 2.078 2.440 3.091 
final R indices R1 = 0.0264 R1 = 0.0398 R1 = 0.0327 R1 = 0.0886 
 [I>2σ(I)] wR2 = 0.0476 wR2 = 0.0552 wR2 = 0.0735 wR2 = 0.1183 
R indices R1 = 0.0354 R1 = 0.0569 R1 = 0.0400 R1 = 0.1438 
all data 
 





Table S2. Selected bond distances (Å) and bond angles (deg) for the X-ray structures of complexes 1-4. 
Also included for comparison are DFT-optimized (6-31G*/PW91) bond distances for the Fe4-cluster 4. 
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Table S3. DFT optimized (6-31G*/PW91) coordinates for the Fe4 dmg-type cluster 4. 






























































































































































































































































































































































































































































































































































































Table S4. DFT calculated (6-31G*/PW91) gradient parameters for the Fe4 dmg-type cluster 4. 
 
Atom 
E = -9023.8551153260 
X 
Gmax = 0.0017431 
Y 





















































































































































































































































































































































































































































































































































































Table S5. DFT calculated (6-31G* basis set unless otherwise noted) Mulliken and Lowdin 
populations and charges for the Fe4 dmg-type cluster 4 (S = 1/2 calculations).  
 




Fe1 24.973446 1.026554 25.808855 0.191145 
Fe2 25.139204 0.860796 26.071038 -0.071038 
Fe3 25.132813 0.867187 26.055118 -0.055118 
Fe4 25.137731 0.862269 26.066423 -0.066423 
     
B3PW91 
     
Fe1 24.769385 1.230615 25.692478 0.307522 
Fe2 25.01044 0.989556 26.046931 -0.046931 
Fe3 25.005389 0.994611 26.035622 -0.035622 
Fe4 25.012077 0.987923 26.052389 -0.052389 
 
B3LYP 
     
Fe1 24.805106 1.194894 25.692152 0.307848 
Fe2 25.081768 0.918232 26.045112 -0.045112 
Fe3 25.075451 0.924549 26.033612 -0.033612 
Fe4 25.083426 0.916574 26.050377 -0.050377 
     
PW91 (TZV basis set) 
     
Fe1 25.379748 0.620252 26.558440 -0.558440 
Fe2 24.996410 1.003590 26.822711 -0.822711 
Fe3 24.998145 1.001855 26.797212 -0.797212 
Fe4 25.024660 0.975340 26.828786 -0.828786 
     
 
